Composting is one of the most natural processes capable of stabilizing organic wastes. Proper composting effectively destroys pathogens and weed seeds through the high temperature achieved by the metabolic heat generated by microorganisms. Because animal waste possibly contains viral, bacterial, and protozoan zoonotic pathogens, the application of untreated livestock waste could be a hygienic risk for humans (Hanajima et al., 2006) . Application of cow manure or composted manure in agricultural practice could potentially cause contamination of foodstuffs with pathogenic bacteria such as E. coli O157:H7, Listeria monocytogenes, Clostridia sp., Mycobacterium sp., and Yersinia enterocolitica. The pathogens in animal manure are placed in an un-J. Gen. Appl. Microbiol., 56, 151 161 (2010) A fi nished compost sample was examined for bacteriocin-like substance production against fi ve pathogenic bacteria: Salmonella typhimurium EF 85-9, Escherichia coli O157:H7 ATCC 43888, Enterococcus faecalis JCM 8726, Staphylococcus aureus JCM 2151, and Yersinia enterocolitica JCM 7577. At the preliminary detection of bacterial stains exhibiting antimicrobial activity from the compost sample, thirteen strains could be isolated. Screening of the inhibitory activity was done using agar-well diffusion assay and Microtiter plate growth assay. Six bacterial strains from the compost showed an antimicrobial activity against one or more of the tested indicator strains. Four strains (M1 M4) belonged to Shigella species and the other two strains (M5 and M6) belonged to Salmonella species. The antimicrobial activity was sensitive for α-chymotrypsin and papain. The antimicrobial substances from M3, M4 and M6 were heat stable when heated for 15 min at 121 C with 100% relative activity. The bacteriocin-like substance produced by strain M2 was partially characterized. It exhibited an inhibitory activity against the tested food-borne pathogenic and spoilage bacteria, except Enterobacter aerogenes JCM 1235 and Lactobacillus plantarum subsp. plantarum JCM 1149. It was stable at a wide range of pH (3 11). There was no loss of activity for up to 3 weeks when stored at 4 and 20 C or for up to 2 weeks when stored at 28 and 80 C. This is the fi rst report indicating the presence of bacteriocin-like activity in animal manure compost.
Vol. 56 ABDEL-MOHSEIN et al. favorable competitive position with respect to the nonpathogenic, decomposer bacteria, which are normally present in far greater numbers. In addition, the native microfl ora of the compost may inhibit the growth of some pathogens through production of inhibitory substances called bacteriocins. Moreover, the increasing agricultural utilization of animal waste has brought the hygienic aspects into focus. One of the requirements for land application of cattle dung is a signifi cantly reduced pathogen content. New ways to reach higher effectiveness of waste treatment are needed. Many new methods are sought and studied to reach higher effectiveness in the stabilization process of animal manure. One possible method could be to utilize the ability of some bacteria to produce antimicrobial substances. A new form of treatment could consist of the use of bacteriocins for waste treatment (Lauková et al., 2000) .
Bacteriocins are inhibitory peptides or proteins, produced by different groups of bacteria, which have antimicrobial effects on microorganisms closely related to the producer or sharing the same ecological niche (Klaenhammer, 1993) . While bacteriocins are ubiquitous in nature and clearly serve some critical roles, they also possess qualities that can be tapped for a myriad of applied uses. In recent years, bacteriocins have been targeted for use in human health, veterinary medicine and food preservation (Cleveland et al., 2001; Gillor et al., 2004 Gillor et al., , 2005 . More than ever there is now a preference for food to be safe and have a long shelf-life while being minimally processed and containing limited chemical preservatives. Such expectations have generated widespread interest in the exploitation of bacteriocins in food systems. Application of bacteriocin may help reduce the use of chemical preservatives and/or the intensity of heat and other physical treatments, satisfying the demands by consumers for foods that are fresh tasting, ready to eat and lightly preserved (Galvez et al., 2008) . Bacteriocins are generally degraded by digestive proteases and thus should not have a negative impact on gut fl ora nor consequently gut health. They can be used in a variety of food products including meat, dairy products, canned food, fi sh, salads, egg products, high-moisture bakery products, and fermented vegetables.
There are no reports on production of a bacteriocinlike substance during the animal manure composting process. The aim of this study was to investigate the presence of bacterial isolates having antibacterial effect through production of a bacteriocin-like substance in a fi nished cattle-manure compost pile.
Materials and Methods
Compost facility. The experiments were conducted on a fi eld-scale cattle manure compost system in Kawatabi Field Science Center, Tohoku University, Japan. The facility has a capacity for the treatment of manure collected from 200 cattle. This facility is about 80 m long with a fully covered roof. It contains two parts; one is being used for the fi rst treatment of the compost pile where the rotary mixer (Nikkan Engineering, Co., Ltd., Japan) is used for mixing the pile. This division is provided with a fl oor aerator. The second division is being used for the second treatment of the pile. The dimensions of the system are 1.8 m height (concrete wall), 6 m width (for each division) and 80 m length.
Compost pile was composed of beef and dairy cow manure, which contained a small amount of straw as a bedding material mixed with sawdust to maintain moisture content. This pile was subjected to two treatments. During the fi rst treatment the pile was mixed mechanically once every day for 4 weeks using the rotary mixer and aerated from the bottom. The aeration was intermittent according to a preset cycle of 1 h aeration and 1 h pause. The pile temperature was daily measured using a Model sk-250 WP Water Proof Digital Thermometer (Sato Keiryoki Meg Co., Ltd., Japan). After fi nishing this treatment, the pile was moved to the second treatment place where the composting mixture was piled and left to mature for 8 weeks. During this treatment the pile was turned for aeration twice a month using heavy equipment. The pile temperature was automatically measured every 30 min with a Temperature/Humidity Data Logger TR-71S (T&D Corporation, Nagano, Japan). The compost sample was taken at the end of the composting process. The sample was taken at a 30 50 cm depth. The pile temperature at the time of sampling was 53.7 C and the water content was 54.8%.
Detection of bacteriocin-producing isolates. Compost sample was examined for bacteriocin-like substance (BLS) production against pathogenic indicator strains: Enterococcus faecalis JCM 8726, Staph. aureus JCM 2151 and Y. enterocolitica JCM 7577, which were obtained from JCM (Japan Collection of Microorganisms, Riken BRC, Saitama, Japan). The activity was also analyzed against E. coli O157:H7 ATCC 43888 and S. typhimurium EF 85-9. All strains were maintained as stock cultures at 80 C in tryptic soy broth (TSB; Nissui Pharmaceutical, Tokyo, Japan) supplemented with 25% glycerol (v/v) .
Media and incubation conditions. The indicator strains were incubated at 37 C for 24 h using tryptic soy agar medium. Y. enterocolitica JCM 7577 was incubated at 28 C for 48 h. The indicator strain broth that was used in the experiments was prepared as described by Chaveerach et al. (2004) . One loop of each stock culture was streaked on the appropriate agar medium and incubated. One typical colony of each strain was transferred into fresh broth culture and incubated. Tryptic soy agar medium was prepared and autoclaved. The molten soft agar was inoculated (1%) with an overnight broth culture of the indicator strain and the plates were left for 20 30 min before use.
Preparation of the compost sample. Tenfold serial dilutions of the compost sample were prepared. Three grams compost was mixed with 27 ml sterile physiological saline (8.75 g L 1 NaCl), homogenized for 10 min then centrifuged at 1,021 g for 10 min. The supernatant was serially diluted in sterile saline, and plated onto the previously prepared agar plates. The seeded Petri dishes were incubated at the appropriate conditions for each indicator strain. Isolates causing a zone of inhibition, no growth of the indicator strain around the colony, were picked up using sterile wooden toothpicks, inoculated into TSB, incubated at 37 C for 24 h, and then stored at 80 C using TSB with 25% glycerol (v/v) .
Screening of antibacterial activity of the isolated strains. Preparation of cell-free culture supernatant (CFCS): CFCSs of the isolated strains were prepared using serial passage inoculation of the producer strain. One loop of the producer strain was inoculated into 10 ml TSB, incubated at 37 C for 24 h. After that, subculture into fresh broth was made twice, using 2% of the old broth. The third bacterial propagation was used to obtain the cell-free culture supernatant. The cells were removed by centrifugation at 2,298 g for 10 min at 4 C. The supernatant pH was adjusted to 7.0 with 1 M NaOH; then it was fi ltered through a 0.22 μm membrane fi lter (MACHERY-NAGEK GmbH & Co., KG, Germany). The prepared cell-free culture supernatant was immediately used or kept at 20 C until use.
Antimicrobial assay. The inhibitory activity against the indicator strains was studied using the agar well diffusion assay. One hundred microliters of the diluted broth culture of the indicator strain was spread on the surface of solid agar medium and allowed to dry for about 20 min. Wells of 5.5 mm were cut in the agar using a cork borer (Nonaka Rikaki Co., Ltd., Tokyo, Japan), and the well was fi lled with 50 μl of the cell-free supernatant. The plates were incubated and examined for the clear zones around the wells. To evaluate the antimicrobial activity quantitatively, microtiter plate growth assay was performed as described by Dufour et al. (2003) . Overnight culture of the indicator organism was diluted to approximately 1 10 4 CFU ml 1 in broth; then 100 μl volumes were dispensed into the wells of a fl at-bottom 96-well microtiter plate. One hundred microliters of the cell-free supernatant was added to each well. All tests were conducted in triplicate and a control was included as appropriate. Microtiter plates were incubated at the optimum growth temperature for the test organism in a plate reader (Benchmark Plus Microtiter Plate Reader, Bio-RAD 170-6930J1, Bio-Rad Laboratories, Inc., Japan) with a wavelength of 595 nm. The absorbance readings obtained were plotted against time to obtain growth curves of the test organisms. The inhibitory effect was judged on the basis of the analysis of three criteria: (1) increase in lag phase, (2) reduction in the culture density at 24 h, and (3) residual viability at 24 h.
Preliminary characterization of the inhibitory substances. The sensitivity of the bacteriocin-like substances to α-chymotrypsin (E.C.3.4.21.1; 40 60 U/mg type I-S; Sigma, USA), trypsin (E.C.3.4.21.4; 10,000 U/mg type I; Sigma), pepsin (E.C. 3.4.23.1; 3,200 4,500 U/mg, Sigma), papain (E.C. 3.4.22.2; 30,000 U/mg; Merck Germany) and lipase (E.C.3.1.1.3; 7.29 U/mg; Sigma) enzymes was investigated. Before use the enzyme solution was fi lter ster ilized using a 0.20 μm membrane fi lter (Advantec Toyo, Ltd., Japan). Preparation of the cell-free culture supernatant was incubated for 3 h at 37 C at a fi nal concentration of 1 mg enzyme ml 1 . The residual activity was tested using Microtiter plate growth assay. Untreated cell-free supernatant and CFCS in buffers without enzyme were used as controls. To evaluate the heat stability of the antimicrobial substance, aliquots (350 μl) of CFCS were heated at 55 C or 75 C for 30 or 60 min, or at 121 C for 15 min. After cooling to room temperature, the residual activity was assayed using Microtiter plate growth assay.
Effect of different incubation temperatures. The effect of different incubation temperatures on both cell density and bacteriocin-like substance production by M2 strain was studied. The technique was that of von Mollendorff et al. (2006) with some modifi cation. TSB was inoculated with a 24-h-old culture (1%, v/v) of the producer strain. Incubation was done at 25, 37 and 45 C without agitation. The CFCS was collected at 3-h intervals for 24 h. The antimicrobial activity against Enterococcus faecalis JCM 8726 was determined. The optical density (OD; at 600 nm) of the bacterial growth was measured every hour using a Microtiter Plate Reader.
Inhibitory effect against food-borne pathogenic and spoilage bacteria. Effect of changes in pH and storage at different temperatures. To assay the resistance of CFCS from M2 to pH changes the pH was adjusted to 3, 5, 7, 9, and 11 with 5 M HCl or 5 M NaOH and kept at 4 C overnight. Then each sample was adjusted to pH 7.0 and assayed for residual activity. CFCS was stored at 4, 28, 20 and 80 C and the activity was checked weekly. Bacillus subtilis JCM 20035 was used as an indicator strain during the evaluation of the residual inhibitory activity.
Statistical analysis. Experiments were done triplicate. Data were analyzed by using the ANOVA procedure of SPSS (SPSS Japan, Inc., Tokyo, Japan). When the effect was signifi cant (p 0.05), means were separated using Tukey s test. When error bars are given in the fi gures, they refer to the standard deviation.
Identifi cation of the isolated strains. The BLS producer strains were identifi ed based on their morphological and biochemical characteristics according to methods described in Bergey's Manual of Systematic Bacteriology (Krieg and Holt, 1984) . These methods included the reaction to Gram-stain, shape of bacterial cells, motility, indole production, methyl red test, H 2 S production, catalase test, oxidase test, citrate utilization, gelatin liquefaction, starch hydrolysis and sugar fermentation (glucose, lactose and sucrose). In order to confi rm the taxonomical identity, the 16S rDNA of the strain was amplifi ed using primer set 341 F & 907 R (Baker et al., 2003) . The PCR was performed in a final volume of 50 μl containing 0.25 μl of 1 Ex Taq enzyme, 5 μl (10 ) Ex Taq buffer, 4 μl dNTP mixture, 0.5 μl of 25 μM primers solutions, 1 μl template and Milli Q water 38.75 μl. The PCR steps were performed using an iCycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The cycling protocol consisted of an initial denaturation for 8 min at 94 C, followed by 32 cycles consisting of 30 s denaturation at 94 C, 30 s annealing at 53.9 C, and 30 s elongation at 72 C. These cycles were followed by fi nal extension for 5 min at 72 C. The presence of the corresponding fragment was verifi ed by electrophoresis through running the samples on a 1.2% agarose gel with 1 Tris-Acetate-EDTA (TAE) as a buffer. The amplifi ed fragment was purifi ed using the ExoSAP-IT PCR purifi cation kit (USB Corporation, USA). The purifi ed PCR products were sequenced using a BigDye Terminator Cycle Chemistry (Biosystems, Warrington, UK) on an ABI Genetic Analyzer 3130XL Sequencer (Applied Biosystem, Ltd., Japan). The obtained sequences were compared with similar sequences registered in the DDBJ (GenBank databases) by using BLAST from the DNA Data Bank of Japan (DDBJ) web page (http://blast.ddbj.nig.ac.jp/top-e. html).
For Salmonella sp., two genes named invA and iroB were amplifi ed as described by Herrera-León et al. (2005) . Primers were used for invA (invA-F 5 -GTGA AATTATCGCCACGTTCGGGCAA-3 and invA-R 5 -TC ATCGCACCGTCAAAGGAACC-3 ) and iroB (pri mer-1: 5 -TGCGTATTCTGTTTGTCGGTCC-3 and pri mer-2: 5 -TACGTTCCCACCATTCTTCCC-3 ). PCR conditions were 94 C for 8 min, followed by 32 cycles of 94 C for 30 s, 63.9 C for 30 s, and 72 C for 30 s, and then a fi nal extension cycle of 72 C for 5 min.
Results

Detection of antimicrobial activity
Antimicrobial activity against fi ve pathogenic indicator strains was analyzed in the fi nished compost sample. Using the agar-well diffusion assay, a total of 13 colonies causing a zone of no growth around the indicator strains were isolated. These isolates were screened for their inhibitory effect against the indicator strains using cell-free culture supernatant (CFCS). Six strains (M1 M6) demonstrated the ability to inhibit the growth of one or more of the used indicator strains. The antimicrobial substances from strains (M1 M6) did not result in increased lag phase or loss of viability of the tested indicator strains (Table 1 ). E. coli O157:H7 ATCC 43888 was inhibited by M2 and M4 with 15 and 12% inhibition, respectively. Against E. faecalis JCM 8726 four bacterial isolates (M2, M4, M5 and M6) showed inhibitory action. They resulted in reduction of the bacterial count ranging from 10 20%. S. aureus JCM 2151 was inhibited by 4 isolates (M1 M4). Studying the growth curve in the presence of CFCS of each strain, there was a reduction in the bacterial count ranging from 14 to 18%. Bacterial isolates having antimicrobial effect against S. typhimurium EF 85-9 and Y. enterocolitica JCM 7577 could not be obtained. All strains were Gram-negative rods. Strains M1 M4 belonged to the genus Shigella based on the result of morphological and biochemical analysis. They were non-motile and reacted negatively in an oxidase test, citrate utilization, gelatin liquefaction, starch hydrolysis, H 2 S production and sugar fermentation. They reacted positively in catalase, methyl red and indole production tests. These results were confi rmed from the result of 16S rDNA sequencing with 99% similarity. Strains M5 and M6 belonged to the genus Salmonella. They were motile. They reacted positively in methyl red, catalase, citrate utilzation and H 2 S production tests. They reacted negatively in indole production, gelatin liquefaction, starch-hydrolysis and oxidase tests. They showed 99% 16S rDNA sequence similarity to S. typhimurium LT2. PCR amplifi cation of the invA and iroB genes generated 284 and 606-bp fragments, respectively.
Preliminary characterization of the inhibitory substances produced by the compost origin bacterial strains
The inhibitory effect of strains M4, M5, and M6 was greatly reduced by α-chymotrypsin and papain and retained in the case of pepsin and lipase ( Table 2 ). The inhibitory effect of M1 was completely inactivated by α-chymotrypsin, trypsin, papain and lipase. The inhibitory effect of M3 was completely inactivated by α-chymotrypsin, trypsin, and papain and greatly inactivated by lipase (42.8% relative activity). The supernatants of all strains retained the inhibitory effect for 60 min at 55 and 75 C. The activity of M3, M4 and M6 was not decreased by autoclaving at 121 C for 15 min ( Table 2 ). The inhibitory effect of M1 was completely inactivated by autoclaving. 
Partial characterization of BLS produced by strain M2
Incubation at different temperatures: At 37 and 25 C the stationary phase of M2 started after 4 and 6 h, respectively. The bacterial cell density after 24 h was about 1.3 times higher at 25 C than at 37 C. The lowest cell density was observed at 45 C (Fig. 1a) . Figure  1b illustrates the production of a bacteriocin-like substance by M2 during the stationary phase when the incubation was done at 25 C. At 37 C the antimicrobial effect could be detected during the exponential growth phase and reached the highest activity at the early stationary phase. Moreover, there was a slow decrease in the antagonistic activity in the later stationary phase. When incubation was done at 45 C the antimicrobial activity was detected during the stationary phase till 15 h; after that the antimicrobial activity could not be detected.
Inhibitory effect against food-borne pathogenic and spoilage bacteria
The Analyzing the growth curve of the sensitive bacteria after incubation with BLS there was a highly signifi cant reduction in the growth rate of the bacterial cells treated with cell-free culture supernatant compared with the control (p 0.001) (Fig. 2a, b, c, d ).
Sensitivity to proteases and effect of pH changes and storage at different temperatures
There was a highly signifi cant decrease in the activity after 3 h incubation at 37 C with trypsin, α-chymotrypsin, and papain (p 0.01). When BLS was incubated with pepsin or lipase there was no signifi cant decrease in the antimicrobial activity. The bacterial growth rate of Bacillus subtilis JCM 20035 treated with cell-free culture supernatant at pH 3, 5, 7, and 9 was highly signifi cantly lower compared with the control after 24 h (p 0.001). This indicates that the BLS was stable at these pH values (Fig. 3) . Moreover, there was a highly signifi cant difference between the inhibitory effect at pH 11 compared with the inhibitory effect at the other pH values (p 0.001). There was no loss of activity when stored for 2 weeks at 28 C or 80, or for 3 weeks at 4 or 20 C (Table 3) . Residual activity was about 91% and 80% after storage for 4 weeks at 20 C and 4 C, respectively. The producer M2 strain was not sensitive to its bacteriocin-like substance.
Discussion
For compost to be applied to the agricultural fi eld, great reduction in pathogenic microorganisms is needed to avoid disease transmission to humans. Furthermore, there are some pathogens such as E. coli O157:H7 which can remain much longer in manure than in the live animal (Kudva et al., 1998) . Therefore, a signifi cant reduction in manure during the composting process is required. The discovery and characterization of antimicrobial compounds produced by organisms isolated from extreme environments are of interest and potentially important to the industry. Owing to the unique nature of the compounds produced by these organisms, they might provide new or more effi cient means for the inhibition of selected microorganisms (Novotny and Perry, 1992) . Within the last several years, studies of bacteriocins have attracted signifi cant attention because of their potential use in many fi elds such as food preservatives (Chen and Hoover, 2003) and to control pathogenic and spoilage bacteria. A possible alternative to avoid infections in humans caused by these pathogens is to attempt the control or the eradication of these bacteria from the food chain (Etcheverría et al., 2006) .
There has been no literature regarding the detection of bacteriocin-producing bacteria in animal-manure compost. The present study represents the fi rst isolation of BLS-producing bacteria from animal-manure compost. We examined a fi nished-compost sample for the presence of bacterial strains inhibiting the growth of other pathogenic bacteria through production of an inhibitory substance. We isolated 6 strains having an inhibitory effect against one or more indicator strains; all of them are Gram-negative rods. Strains M1, M2, M3 and M4 were identifi ed as Shigella species based on their chemical and biochemical reactions as well as from the result of 16S rDNA sequencing. Gram-negative bacteria and most enteric bacteria produce a wide variety of bacteriocins (Chavan and Riley, 2007; Gillor et al., 2004; Gordan et al., 2007; Riley et al., 2003) and bacteriocin production by Shigella strains from human sources has been reported (Padilla et al., 2004 (Padilla et al., , 2006 Smajs et al., 1997; Tigyi et al., 2005) . Strains M5 and M6 belonged to Salmonella species, according to the results of 16S rDNA gene analysis. The results obtained for PCR amplifi cation of invA and iroB genes revealed that these 2 strains belonged to Salmonella enterica. These results are in agreement with what was revealed by Herrera-León et al. (2005) . The production of typhimuricin (a low molecular mass microcin) by S. typhimurium LT2 has been described (Ben-Gurion and Flashner, 1982; Carrillo and Lemoine, 1986; Khmel et al., 1987) . However, we performed a partial sequencing of 16S rDNA and at that time we do not have enough information about the pathogenicity of these producer strains. So we will check their pathogenicity.
Treatment of cell-free culture supernatants with proteolytic enzymes resulted in a great reduction in the antimicrobial activity, confi rming the proteinaceous nature of these inhibitory substances (Todorov and Dicks, 2004; von Mollendorff et al., 2006) . Treatment with lipase did not affect the inhibitory effect of M6 and caused very low decreases in the activity of M2, M4 and M5 ( Table 2 ), suggesting that the lipid moieties were not required for their inhibitory effect (Jiménez-Díaz et al., 1995) . The reduction in the antimicrobial activity of M1 and M3 after treatment with α-chymotrypsin and lipase suggests that the inhibitory substance may consist of protein and that lipid moieties are required for biological activity (Akçelik et al., 2006; Jiménez-Díaz et al., 1993) .
Our interesting results from studying the heat stability showed that the BLS produced by strains M1 M6 were heat stable as they retained their activities after heating for 1 h at 75 C (Tables 2 and 3) . Moreover, BLSs from M3, M4 and M6 were stable after autoclaving at 121 C for 15 min. Other bacteriocins, such as Pediocin SA-1 (Anastasiadou et al., 2008) and enterocin Se-K4 (Eguchi et al., 2001) , are also heat-stable bacteriocins. This means that the obtained supernatants can be used under fi eld conditions of different temperatures. In our case, the obtained supernatants can be used under various temperature conditions. During the composting process the temperature of the composting materials changed dramatically. First the temperature increased till it reached 76.3 C; moreover, the temperature stayed over 70 C for a minimum 10 days. Then there was a gradual decrease to around 53 C. Bacteriocin thermo-resistance can be due to either a small and low complexity structure or a compact globular structure as suggested by De Vuyst and Vandamme (1994) . Resistance to elevated temperatures is a common feature of small proteins (Shehane and Sizemore, 2002) . As described by Apolônio et al. (2008) corrodecin is a heat labile bacteriocin with a high molecular mass (23,625 Da). The bacteriocin-like substances obtained in our study were considered protein (Table 2) and their molecular weight might be small because they were stable for up to 60 min at 75 C. The producer strain M2 was used to partially characterize the produced BLS. This BLS showed a broad inhibitory effect against many Gram-positive bacteria like E. faecalis, Staph. aureus, L. monocytogenes, B. cereus and B. subtilis and Gram-negative ones like E. coli, S. marcescens and P. fl uorescens (Fig. 2) . Most interestingly, it was effective against L. monocytogenes, which induces a severe illness generally referred as listeriosis, and is particularly diffi cult to control in food. The inhibitory effect of BLS against the indicator strains depends on the sensitivity of the target strains and the BLS itself. According to the inhibitory action of BLS on the target organisms, BLSs can be divided into two groups. One group of BLSs can affect both the lag growth phase and exponential growth phase. The second group inhibit only the exponential growth phase of the indicator strain. The inhibitory effect changes depending on the relation between the producer and indicator strains.
Despite the observation that bacteriocin production by M2 was not statistically infl uenced by incubation temperature, it was observed that an incubation temperature of 37 C was better for inhibitory substance production. During the composting process, the temperature of the compost pile greatly changed so this may indicate the ability of this producer strain to produce BLS in the composting pile at these different temperatures with little difference in activity. However, the different incubation temperatures showed a highly signifi cant effect (p 0.001) on the growth rate of M2 producer (Fig. 1a) . The lowest cell density (0.47) was observed at 45 C incubation while at 37 C incubation the cell density was 0.57. When incubation was done at 25 C, the density was 0.74. As bacteriocin is a protein substance secreted as a metabolic byproduct the obtained results may suggest that the different incubation temperatures affected only the growth rate of the producer but not the metabolic activity or metabolic pathway. The incubation period also showed different inhibitory effects; the inhibitory activity could be detected during the exponential growth phase and decreased during the stationary phase. The slow decrease of the antagonistic activity in the later stationary phase might be due to the partial digestion of the antagonistic compound by proteolytic enzymes released from the cells (He et al., 2006) . These results are similar to those described for tochicin (Paik et al., 1997) and bacteriocin-like peptides produced by Bacillus licheniformis ZJU12 (He et al., 2006) , but differ from those for thuricin 7 (Cherif et al., 2001) , whose activity could not be detected during the exponential growth phase.
Strain M2 produces a higher activity of bacteriocinlike substance with broad spectrum of activity against many Gram-positive and Gram-negative bacteria. Loss of antimicrobial activity by α-chymotrypsin, trypsin, and papain suggested that this inhibitory substance is sensitive to proteolytic enzymes. This BLS maintains the antimicrobial activity when stored at 4, 28, 20 and 80 C (Table 3) . It was stable under at a pH ranging from 3 to 9 and heat stable. Residual activity was 100% after incubation for 60 min at 75 C and 50% at 121 C for 15 min. Moreover, this bacteriocin-like substance did not inhibit the producer strain and this is in strong agreement with Han et al. (2007) . From these properties we can conclude that this bacteriocin-like substance may be used as a biopreservative to prevent the growth of spoilage bacteria in foods and industrializing products.
Although composting is considered to be an effective process of waste hygienization, some pathogenic bacteria may survive, especially in the case of a lack of thermophilic phase in a pile at its lowest layer. So we anticipate that the BLS of compost-isolated bacteria can be used for control of pathogens during animal manure composting without environmental pollution such as chemicals, thus limiting the contamination of soil and plants and subsequently the contamination of foods and the transfer of the pathogen to humans. Strain M2, which exhibited inhibitory activity by the production of BLS, may be useful in the control of these pathogens in animal-manure compost. We can conclude from this study that compost may be considered as a source of BLS-producing bacteria with antimicrobial activity against a number of pathogenic bacteria. The preliminary results obtained in this study stimulate future research for determining the possibility of using these BLSs as control agents for spoilage bacteria in compost. Further study is necessary to evaluate the application of these bacteria to animalmanure compost and study their effectiveness on some pathogens.
